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Abstract 
Carbon accumulation in salt marsh soils: a comparison of a coastal plain and coastal 
lagoon estuary in the mid-Atlantic U.S. 
Viktoria R. Unger 
 
 
 
Carbon accumulation in salt marsh soils is a beneficial ecosystem service that occurs as a 
result of in-situ macrophyte production, slow decomposition, and deposition of 
allochthonous sediments. Variation in rates of carbon accumulation within and among 
salt marshes may be influenced by factors including tidal flooding dynamics and 
sediment availability (Chmura et al. 2003, Mudd et al. 2009, DeLaune and White 2011). 
In this study, carbon accumulation and biomass dynamics were compared in two distinct 
estuary types with large differences in sediment availability and tide range. Nine soil 
cores approximately 60 cm long were collected in Spartina alterniflora-dominated 
marshes in a coastal plain estuary, Delaware Bay, and a coastal lagoon, Barnegat Bay. 
Accretion and mass-based accumulation of inorganic matter (sediment), and organic 
carbon were determined using 137Cs dating. Sediment accumulation rates were seven 
times greater whereas accretion, organic matter and organic carbon accumulation was 
two times greater in Delaware Bay than in Barnegat Bay. Accretion and accumulation 
processes were significantly different between the two estuaries. Inorganic sediment and 
organic matter in both estuaries contributed to vertical accretion and carbon 
accumulation. Our data suggest that the high sediment accumulation rates in Delaware 
Bay increase carbon accumulation rates to some degree, but that the degree to which it 
enhances carbon accumulation is influenced by some other factor(s). Coarse and fine root 
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morphology in the soil cores was determined and related to sediment, organic matter and 
organic carbon content at analogous depth sections, as well as accretion and 
accumulation rates since 1963. Aboveground live and dead biomass was also measured at 
each core location. In Delaware Bay, the live:dead ratio of aboveground biomass was 
greater than that of Barnegat Bay. Live aboveground biomass was significantly greater in 
Delaware Bay, while dead aboveground biomass was slightly greater in Barnegat Bay. In 
Barnegat Bay there was little to no aboveground biomass at Island Beach and Reedy 
Creek, and little belowground biomass at Reedy Creek. Aboveground biomass dynamics 
such as stem density, stem height, and root:shoot ratios did not correlate with carbon 
accumulation processes at any sites. There were no significant differences in coarse, fine 
or total root material between the estuaries, however total belowground biomass 
contributed significantly to the soil carbon inventory in Barnegat Bay but not in Delaware 
Bay. Comparison of the biomass dynamics with soil characteristics and accretion and 
accumulation rates further emphasizes that factors other than sediment accumulation may 
be responsible for some of the differences in carbon accumulation within and among 
marshes in the two estuaries. The data suggest that belowground biomass may provide 
structural support to the soil column that is crucial for maintaining accretion and carbon 
accumulation processes, and more research should be conducted on the role of 
belowground biomass with respect to carbon accumulation. 
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CHAPTER 1: ORGANIC CARBON ACCUMULATION IN SALT MARSH SOILS 
 
 
1.1 Introduction 
Salt marshes formed along protected low-relief continental coasts following the 
recession of the last glacial maximum and subsequent increases in sea level and 
availability of terrigenous sediments (Dame et al. 1992, Mudd 2011). Because salt 
marshes are contiguous with estuaries and bays, they must maintain their elevation in 
relation to relative sea level via vertical accretion (Morris et al. 2002, Chmura et al. 
2003). Accretion in salt marshes is achieved through several processes: sediment 
accumulation on the marsh surface, in-situ plant biomass production and slow anaerobic 
decomposition of soil organic matter (SOM) by microbes (Gallagher 1974, Valiela et al. 
1976). Photosynthesis by salt marsh plants converts carbon dioxide (CO2) to organic 
carbon (OC) as plant biomass and as sediment accumulates on the marsh surface it buries 
both above and belowground biomass as SOM (Morris et al. 2002). The dead OM is 
available to be decomposed and utilized by soil microbes as an energy source (Peterson et 
al. 1980, Weston et al. 2011). However, because wetland soils remain saturated for 
extended time periods, the vast majority of decomposition is anaerobic, which is 
comparably slower than aerobic decomposition (Howes et al. 1984, Odum 1988), 
allowing accumulation of SOM rather than complete decomposition over similar time-
scales (Howes et al. 1985, Keller et al. 2012). SOM is a source of OC and helps to 
maintain the structural integrity of the marsh platform (i.e. sustain vertical accretion). 
Because plant-derived SOM is the primary source of OC in salt marsh soils (Schubauer 
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and Hopkinson 1984, Chmura 2011), through accretion processes salt marshes regulate 
the transformation of OC between the atmosphere and biosphere, and can act as long-
term sinks for C (Choi and Wang 2004).  
Salt marshes contain at least 430 ± 30 of the 1.5 x 106 Tg C estimated to be in 
soils worldwide (Whiting and Chanton 2001, Chmura et al. 2003). This value is likely an 
underestimate, however, because it was calculated assuming a global average soil depth 
of 0.5 m, while other studies have documented depths of 1 m or more (Orson et al. 1987, 
Patrick and DeLaune 1990, Conner et al. 2001, Chmura et al. 2003, Turner 2010). In 
New England salt marshes, Redfield and Rubin (1962) documented a maximum soil 
depth of  ~7 m. Though salt marshes may constitute less than 1% of the global terrestrial 
SOC reservoir (Whiting and Chanton 2001, Chmura et al. 2003), considering their 
notable contribution to OC accumulation despite their minimal extent, their ability to 
increase soil volume, and negligible release of CH4, salt marshes are likely more efficient 
carbon sinks per unit area (Choi and Wang 2004, Kathilankal et al. 2005). Consequently, 
rates of OC accumulation in salt marsh soils rival that of any other ecosystem (Mcleod et 
al. 2011), with a global average accumulation rate of 210 g C m-2 yr-1 (Chmura et al 
2003).  
Despite increased focus on salt marsh OC accumulation processes, the factors that 
influence rates of accumulation are not well understood. Published rates of salt marsh OC 
accumulation range between 18 and 1713 g C m-2 yr-1 and may vary significantly both 
within and among marshes. Tide range, sediment availability, temperature, salinity, 
precipitation and nutrient loads have all been suggested as potential influencing factors 
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(Morris et al. 2002, Chmura et al. 2003, Mcleod et al. 2011). However, in a study of 154 
sites, Chmura et al. (2003) found that variation in sediment availability was the major 
controlling factor of OC accumulation rates in salt marsh soils. It is possible that 
sediment accumulation, exhibits greater influence over OC accumulation than other 
proposed factors because in addition to direct burial of OC, sediment deposition can 
enhance productivity of dominant salt marsh macrophytes (Mudd et al. 2009, Mudd et al. 
2011). Restoration studies by Mendelssohn and Kuhn (2003) have shown that the 
addition of dredged soils positively influenced biomass production through maintenance 
of optimal elevations, addition of nutrients and increase of redox potential around the root 
zone (DeLaune et al. 1992, Nyman et al. 1990, Mendelssohn and Kuhn 2003). 
Additionally, tide range may positively influence sediment accumulation because tidal 
fluctuations resuspend and deposit sediment onto the marsh surface. Studies employing 
statistical models have found that accumulation processes in salt marsh soils are 
particularly sensitive to tidal inundation and sediment deposition over the marsh surface 
(Morris et al. 2002).  
As preservation and restoration of salt marshes are considered for use for carbon 
credits (Mcleod et al. 2011), the need to elucidate the fine-scale processes that influence 
OC accumulation becomes pertinent. The efficiency of salt marshes to accumulate OC 
has received attention in the last decade; however, the fine-scale controls are still poorly 
understood (Roulet 2000, Connor et al. 2001, Chmura et al. 2003, Mcleod et al. 2011). To 
determine if OC accumulation in salt marshes differs between a coastal lagoon and 
coastal plain estuary, associated with differences in tide range and sediment availability, 
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we collected 18 soil cores and analyzed them for accumulation rates of OC and IM 
employing Cesium-137 dating techniques. We hypothesized that OC accumulation in 
Delaware Bay, the coastal plain estuary, would be greater than OC accumulation in 
Barnegat Bay, the coastal lagoon estuary, because of greater sediment availability, tide 
range, and associated increase in sediment accumulation in Delaware marshes. Other 
factors such as elevation relative to NAVD88 and distance to the nearest tidal channel 
were also examined. 
 
1.2 Materials and methods 
1.2.1 Site description 
 The Delaware Bay (Figure 1) is located at the base of the Delaware River and is 
the second largest coastal plain estuary on the Atlantic coast of the United States. 
Estuarine processes in the Delaware Bay are heavily influenced by the Delaware River. 
With a drainage basin of ~35,000 km2 (Sharp et al. 1986), and high discharge rates 
(USGS 2013), marshes fringing the Delaware Estuary can receive considerable input of 
terrigenous suspended sediment. The Delaware Bay is open to the ocean, and the 
presence of river and tidal flow creates hydrological conditions conducive for deposition 
of allochthonous sediment on the marsh, and resuspension and redistribution of subtidal 
estuarine sediments. Because large rivers can be a significant source of suspended 
sediments and contiguity with the ocean allows tidal resuspension and deposition of 
sediments, the marshes fringing these estuaries can have high rates of sediment 
accumulation (Sommerfield and Velinsky 2010). Further, Delaware Bay is characterized 
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by the presence of numerous freshwater tributaries that may also contribute to the 
sediment load deposited on the marsh surface.  
 Barnegat Bay (Figure 2) is a shallow, poorly flushed coastal lagoon with weakly 
defined drainage areas (Kennish 2001). It is obstructed from the ocean by raised land 
barriers, Island Beach and Long Beach Island that restrict tidal flow to Manasquan and 
Barnegat inlets (Qizhong et al. 2004). The barrier islands weaken wave energy, and as a 
result, hydrological conditions in Barnegat Bay are mostly influenced by wind, salinity 
gradients and intense storm events (Kennish 2001, Rogers et al. 1990, Qizhong et al. 
2004). Toms River, the largest river in the estuary, has a drainage basin of only 319 km2 
(Carter 2001) and a discharge rate of 5.5 m3 s-1 which is comparable to the tributaries of 
the Delaware River (USGS 2013). The absence of a major river system and lack of 
connectivity with the open ocean could lead to lower vertical accretion rates and 
associated accumulation processes (Sommerfield and Velinsky 2010) in Barnegat Bay.  
Salt marshes in Delaware Bay were selected along three tributaries, Dividing Creek, 
Maurice River, and Dennis Creek (DV, MR, and DN). Two sites in Barnegat Bay, Reedy 
Creek (RC) and Horse Point (HP) were also located along tributaries. Island Beach State 
Park (IB) is a barrier Island marsh located just north of Barnegat inlet; there were no 
tributaries at this site. Both estuaries are dominated by Spartina alterniflora (S. 
alterniflora), a low marsh halophyte that is ubiquitous in U.S. Atlantic and Gulf coast salt 
marshes.  
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1.2.2 Sample collection and design  
 Three soil cores approximately 60 cm long were collected in each marsh (n = 3) 
totaling 18 cores. Cores were stratified along short form S. alterniflora to minimize 
potential species-influenced variation in OC storage dynamics (Figure 3). Cores were 
extracted using a 110-cm polycarbonate tube with a diameter of 15.23 cm. Potential 
compaction of cores upon extraction was measured by taking the difference between the 
marsh surface and the soil surface inside the core barrel. The cores were transported to 
the lab horizontally to ensure minimal vertical compaction during transportation.  
 
1.2.3 Sample preparation and processing 
Cores were sectioned into 2-cm increments and immediately weighed. Following 
determination of wet weight (g) a subsample was taken to analyze for Loss-on-Ignition 
(LOI) and OC. Each subsample was weighed individually before being dried to a 
constant weight in a 70°C drying oven. After the dry weight was recorded samples were 
homogenized using a combination of a Wiley Mill and mortar and pestle to ensure fine 
pieces of plant matter that remained in the mill were fully incorporated into the sample.  
To determine LOI, a portion of the fully dried subsample placed in a muffle oven at 
550°C for 4 hours (Heiri et. al 2001). The final dry weight of residual inorganic matter 
(IM) was subtracted from the initial weight to calculate the portion of OM lost upon 
ignition. The weight of IM and OM were divided by the total weight to determine the 
relative fraction of each component. Bulk density of each 2-cm section was calculated by 
dividing dry weight over the total volume of the section and was expressed in g cm-3. For 
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OC determination, a separate portion of the homogenized subsample weighing 
approximately 1 g was pretreated in an HCl fumigator to remove inorganic carbonates 
(Schumacher 2002). It was re-dried in a 70°C oven then a dessicator to ensure no 
moisture was absorbed by the sample during the fuming process. Once dry, 4 to 7 mg of 
each sample was weighed on a microbalance, wrapped into tin boats and placed into a 
sample tray. Percent OC values from each sample were obtained following analysis using 
a CE NA 2500 flash elemental analyzer. A portion of each subsample was sent to Dr. 
Chris Sommerfield’s lab at University of Delaware in Lewes, Delaware, where the 
samples were analyzed for 137Cs activity using a Canberra LEGe gamma detector 
interfaced with Canberra Desktop Inspector MCAs. 
 
1.2.4 Calculations and statistical analysis 
Accretion rates were determined by identifying the 1963 peak in 137Cs activity, and 
dividing the soil depth of the peak by the number of years between 1963 and the year of 
sampling (cm yr1). Bulk density of each core section was calculated by dividing the final 
dry weight (g) by a known volume. OC density was calculated for each section by 
multiplying bulk density (g cm-3) * the fraction of C (%C * .01). This calculation was 
also performed to obtain IM and OM density. Sediment, OM and C accumulation rates 
for each cores were calculated by multiplying their density (g cm-3) * accretion rate (cm 
yr-1) * 10,000 to obtain a rate in units of g m-2 yr-1. These rates were averaged over depth 
down to the 137Cs depth horizon. Mean accretion and accumulation rates were calculated 
for each estuary (n = 3) and marsh (n = 3, n = 2 for MR) and were compared using a 
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nested ANOVA. Tukey’s Honestly Significant Difference test was used for post-hoc 
examination of ANOVA results. Using a method similar to that described by Craft et al. 
1991, an equation describing the relationship between SOM and SOC was developed. 
Downcore profiles were constructed to examine vertical (depth wise) and lateral (across 
marsh) trends in %water/pore space, %IM, %OM, %OC and bulk density. A series of 
regression analyses were performed on physical and chemical soil properties, accretion, 
and mass-based accumulation rates. Linear regressions were used to compare accretion, 
IM, OM and OC accumulation.   
 
1.3 Results 
1.3.1 Soil characteristics  
OC concentration had a near direct dependence on OM concentration (r2 = 0.96;  
P < 0.001; Figure 10). Similar to the equation developed by Craft et al. 1991  
(%OC = 0.40*%OM + 0.0025*%OM2) a quadratic equation best described this 
relationship (%OC = -0.854 + 0.484*%OM + 0.000356*%OM2). In all cores, where OC 
or OM concentrations increased with depth, the relative contribution of water/pore space 
increased while IM decreased. OM contributed more to total mass than IM in all cores at 
IB and RC down to ~16 cm. OC and OM concentrations varied little throughout the 
profile (<10%) in comparison to IM, which varied as much as 25%. In Barnegat Bay, IM 
increased ~10 to 20% overall down to the lowest depth in all cores, while in Delaware 
Bay, IM content changed little overall in all cores but DN 1, where IM decreased ~15% 
(Figures 4 - 9). In DN 1, IM accounted for 15 to 25% of the total mass in the top 26 cm, 
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where 73% of the total IM was concentrated, but decreased to less than 10% below 26 cm 
(Figure 6). IM content varied the most between cores at DV, where DV 3 contained only 
~10% IM while cores 1 and 2 contained ~30% (Figure 4). Bulk density varied 
significantly throughout the depth profile in all cores (Figure 11). In Barnegat Bay, IB 
and RC had similar profiles, while HP exhibited higher bulk densities throughout. 
Overall, bulk density profiles within individual Barnegat Bay marshes did not differ 
greatly from each other, while those within Delaware Bay marshes were more variable. 
 
1.3.2 Accretion and accumulation rates 
Accretion rates in Barnegat Bay varied little within-site and were relatively constant 
across the marsh, with the largest within-site difference only 0.11 cm yr -1 at Reedy 
Creek. Within-site variation was greater in Delaware Bay. Cores 1 and 3 differed from 
core 2 by at least 0.35 cm yr -1. MR marshes accreted significantly faster than all three 
Barnegat Bay sites (P < 0.05). Accretion at DN was greater than IB (P = 0.019) and RC 
(P = 0.0088), and greater at DV than RC (P = 0.026; Table 2). The range in IM 
accumulation was greater than that of OC and OM accumulation and ranged from  
74 g m-2 yr-1 at RC to 3294 g m-2 yr-1 at MR. OC and OM accumulation were also lowest 
at RC and highest at MR, at 50 to 262 g m-2 yr-1 and 114 g m-2 yr-1 to 592 g m-2 yr-1, 
respectively. IM accumulation at MR was significantly higher than all Barnegat Bay 
marshes (P < 0.05), while OC accumulation was higher than all three Barnegat Bay sites 
(P < 0.05) and DN (P = 0.007). OC accumulation at DV was significantly greater than IB 
(P = 0.005) and RC (P = 0.0017). RC had significantly lower OM accumulation rates 
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than all three marshes in Delaware Bay (P < 0.05). OC accumulation at DN exceeded RC 
only (P = 0.02). Accretion, IM, OM and OC accumulation differed significantly between 
the two estuaries (P < 0.001; Table 2). In both estuaries, the relationship between IM and 
OM accumulation and accretion was significant (P < 0.05) Accretion was more strongly 
related to IM accumulation than OM accumulation, and stronger in Delaware Bay than 
Barnegat Bay, as indicated by the r2 values (Figures 13a and 13b). The relationship 
between OM and OC accumulation and IM accumulation was also significant in both 
estuaries (P < 0.05). There is a stronger relationship between IM accumulation and OC 
accumulation in Delaware Bay than in Barnegat Bay (Figure 14b). OM and OC 
accumulation in Barnegat Bay are almost equally correlated with IM accumulation 
(Figures 14a and 14b). There was no relationship between tidal creek distance or 
elevation and IM and OC accumulation or accretion (P > 0.05). IM accumulation 
increased with greater tide range (Figure 12). However, the relationship was only 
significant without MR (r2 = 0.99; P < 0.001). With MR the relationship was not 
significant (r2 = 0.50; P = 0.117).  
 
1.4 Discussion  
1.4.1 Soil characteristics  
 Comparison of bulk density and relative mass profiles show fluctuations in bulk 
density appear to correlate strongly with inorganic matter content at similar depths, this 
supports previously published data that suggest a primary dependency of bulk density on 
inorganic matter (sediment) content (Hatton et al. 1983, Kearney et al. 1994).  
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In DN 1 in particular, the drastic decrease (~15%) in inorganic matter below 26 cm 
coincides with a decrease in bulk density of ~0.3 to 0.1g cm-3, as well as a concurrent 
increase in organic matter and water content. Organic matter changes the structure of soil 
by creating macropores that hold water, thus, soils with higher organic matter content 
retain more water in a given volume of soil (Redfield 1972, DeLaune et al. 1983). This is 
also made evident by the six Barnegat Bay cores from Island Beach and Reedy Creek that 
contain more organic matter than inorganic matter in the top 16 cm. Where organic 
matter content is greater than inorganic matter, water accounts for as much as 95% of the 
total mass. At Horse Point, the third Barnegat Bay site, inorganic matter contributed more 
to total mass than organic matter throughout the entire core, and bulk density was also 
greater than at Island Beach and Reedy Creek. These data are indicative of the variable 
influence sediment availability can have on salt marsh soil characteristics. Accordingly, 
Horse Point had the highest sediment accumulation rates in Barnegat Bay, and the third 
core at Dividing Creek had the lowest sediment accumulation rates in Delaware Bay. 
 
1.4.2 Relationships between accretion and accumulation rates 
137Cs accretion rates in all cores were similar to other Spartina-dominated salt 
marshes along the eastern coast of the U.S. (Hatton et al. 1983, Bricker-Urso et al. 1989), 
Nova Scotia (Connor et al. 2001), San Francisco Bay (Callaway et al. 2012) and the Gulf 
Coast (Callaway et al. 1997, DeLaune et al. 2013). Accretion rates in Barnegat Bay were 
concentrated toward the lower end of the range of published values, while those in 
Delaware Bay ranged from the mid to high end. Sediment, organic matter and organic 
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carbon accumulation rates were also similar to other published values (Howes et al. 1985, 
Callaway et al. 1997, Connor et al. 2001, Choi and Wang 2004), though sediment 
accumulation at the Maurice River sites was fairly high in comparison to other studies 
(Callaway et al. 1997, Nyman et al. 2006). Comparison of accretion and mass-based 
accumulation rates suggests the differences in accretion and organic carbon accumulation 
between the two estuaries, as well as the greater variation within Delaware Bay, are the 
result of significant differences in rates of sediment accumulation. The marshes with the 
highest rates of sediment accumulation had the highest rates of accretion and organic 
carbon accumulation, and the marshes with the lowest rates of sediment accumulation 
also accumulated the least organic carbon. This is supported by regression analyses that 
imply accretion in both estuaries is slightly more dependent on sediment accumulation 
than organic matter accumulation, while organic carbon accumulation depends more on 
sediment accumulation in Delaware Bay. 
These regressions alone however, can be misleading because they do not identify 
a cause-effect relationship. It has long been understood that accretion in salt marshes 
occurs through a balance of allochthonous inorganic sediment deposition and 
authochthonous organic matter production (Redfield 1972, Anisfeld et al.1999), and the 
relative importance of each differs depending on local hydrology (Bricker-Urso et al. 
1989, Nyman et al. 1993, Callaway et al. 1997, Turner et al. 2002, Callaway et al. 2012). 
This is evident from the regressions, which also show a significant relationship between 
organic matter accumulation and accretion in both estuaries, suggesting sediment 
accumulation alone does not dictate vertical accretion. However, sediment accumulation 
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can influence accretion rates in two ways: directly, by physical buildup on the marsh 
surface (Nyman et al. 2006), and indirectly by stimulating plant biomass (organic matter) 
production (Mudd et al. 2009). Additional regressions show that accretion in both 
estuaries is equally dependent on organic matter accumulation, while organic matter 
accumulation in both estuaries is nearly equally dependent on sediment accumulation. 
These regressions illustrate the complex relationship between sediment accumulation and 
accretion. The “stronger” relationship between sediment accumulation and vertical 
accretion may be due to a combination of direct contribution to accretion via sediment 
mass accumulation, as well as stimulation (and subsequent burial) of plant organic matter 
production.   
The ratio of sediment accumulation in Delaware Bay versus Barnegat Bay was 
~7:1, while accretion, organic matter accumulation and organic carbon accumulation 
were ~2:1. These results suggest that increasing sediment accumulation may increase 
accretion, organic matter and organic carbon accumulation to a certain point, beyond 
which greater sediment availability has little additional affect. Mudd et al. (2009) 
demonstrated this phenomenon by developing comprehensive models. They showed that 
because of feedback loops between tidal inundation, sediment deposition, biomass 
production and associated adjustment of vertical accretion, increases in sediment 
accumulation stimulated organic matter and organic carbon accumulation to a certain 
point, beyond which accretion exceeded elevations “optimal” for plant productivity. 
Within this “optimal” range, tidal fluxes regularly flood and drain the marsh platform, 
introducing nutrients, oxygen, and alleviating stress associated with inundated conditions 
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(DeLaune et al. 1990, Mendelssohn and Morris 2000, Morris et al. 2002, Mudd et al. 
2009). The frequency and duration of inundation is long enough that maximum sediment 
is deposited over the marsh, but short enough that waterlogged conditions will not cause 
marsh dieback. The balance is such that, within this range, biomass productivity is found 
to be greatest (Morris et al. 2002). If sediment accumulation causes the marsh platform to 
exceed beyond this ideal range, the tide range may not be sufficient to drain, and/or 
deliver sediment and nutrients to the marsh surface. Thus, by modifying the frequency 
and duration of inundation of the marsh surface, the process of sediment accumulation 
can limit organic production and accumulation. Considering this along with our findings, 
it is possible that sediment accumulation has enough of an effect that it promotes organic 
accumulation to a point that is necessary to maintain accretion relative to sea level, but 
because of inherent restrictions on productivity associated with supraoptimal elevations, 
its affect is ultimately limited. Moreover, the fact that accretion, organic matter and 
organic carbon accumulation differ proportionally between the two estuaries implies that 
carbon accumulation is probably more closely related to organic matter accumulation, 
and is influenced by sediment accumulation mostly through the complex feedback loops 
described above. 
 The relationship between organic matter and organic carbon content is strong, as 
would be expected given that organic carbon is a component of organic matter (Craft et 
al. 1991). Since this is the case, one might expect sediment accumulation to exhibit 
similar influence on organic carbon accumulation as it would organic matter 
accumulation. This is true in Barnegat Bay, but not so in Delaware Bay, where sediment 
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accumulation seems to have a greater affect on carbon accumulation. From these data 
alone it is not entirely clear why this would be the case, and because mass tells us little 
about the overall structure of the soil, there are limitations to conclusions that can be 
made on the magnitude of effect sediment accumulation has on organic carbon 
accumulation when comparing mass-based accumulation rates. Given the discrepancy 
between the ratios of sediment accumulation and accretion, organic matter and organic 
carbon accumulation between the two estuaries, it appears that faster burial associated 
with sediment accumulation may only partially explain these relationships. Regular 
deposition of higher volumes of mineral sediment could encourage faster incorporation of 
organic matter to greater depth in the soil, and in salt marshes, decomposition of organic 
matter slows dramatically with increases in depth (Hyun et al. 2006). To test this 
hypothesis it would be necessary to study decomposition rates in the two estuaries, and 
separate and quantify soil organic carbon pools based on their relative digestibility (i.e. 
decomposability). A higher ratio of labile (easily digestible) carbon to refractory 
(relatively inert) carbon may exist at greater depths in Delaware Bay than in Barnegat 
Bay because of relatively rapid burial. It is also possible that the greater tide range in 
Delaware Bay increases belowground root production through alleviation of stressful soil 
conditions associated with prolonged inundation, enhancing both accretion and OC 
accumulation processes. 
Though it cannot be unequivocally concluded that sediment accumulation is the 
driving force behind differences in rates of carbon accumulation between the estuaries, it 
appears that marshes in Delaware Bay and Barnegat Bay respond differently to sediment 
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availability, and is clear the greater sediment load in Delaware Bay enhances accretion 
and accumulation processes to a certain degree. Many studies have suggested organic 
matter accumulation is primarily responsible for augmenting accretion, largely dismissing 
the effect of sediment accumulation on organic accumulation (Nyman et al. 1993, 
Callaway et al. 1997, Turner et al. 2000, Nyman et al. 2006, Callaway et al. 2012). Our 
results suggest this may be true in some marshes, but not in others. Turner et al. (2002) 
pooled data from 141 salt marshes in the U.S. and found comparably weaker 
relationships between organic accumulation and accretion (r2 = 0.59) and sediment 
accumulation and accretion (r2 = 0.22). Based on the differences measured between 
Delaware Bay and Barnegat Bay, it is possible the relationships Turner et al. (2002) 
found were weakened because data were pooled from marshes and estuaries that may 
have entirely different hydrology, and thus, different relationships between sediment 
accumulation and accretion and associated accumulation processes. The data from this 
study make the case that future studies relating sediment accumulation, accretion and 
accumulation processes in salt marsh soils should take into account the broader 
hydrology of the estuarine system in which the marshes are located.  
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CHAPTER 2: ABOVE AND BELOWGROUND BIOMASS DYNAMICS 
 
 
 
 
2.1 Introduction 
Primary productivity (biomass production) of salt marsh macrophytes rivals most 
ecosystems and even that of agricultural lands, reaching as high as 8000 g C m-2yr-1 in 
some areas (Mitsch and Gosselink 1993). Via primary productivity salt marsh 
macrophytes convert carbon dioxide to stem, root, and rhizome biomass in the form of 
organic C (OC). When the plants die, a portion of their biomass may be exported to 
adjacent waters by riverine or tidal fluxes, or buried by sediments suspended within the 
water column. Accumulation of suspended sediment over the marsh surface incorporates 
plant biomass into the marsh soil, where anaerobic conditions promote slow 
decomposition of biomass, and preservation of a portion of the soil organic carbon (SOC) 
pool (Odum 1988, Howes et al. 1985, Keller et al. 2012). Consequently, in-situ biomass 
production by salt marsh macrophytes is the dominant pathway of OC integration into the 
soil (Howes et al. 1985, Valiela et al. 1982, Nyman et al. 1990, Blum 1993), and high 
levels of productivity in salt marshes coupled with relatively rapid burial of plant biomass 
by sediments from regular inundation can support high rates of SOC accumulation.  
Aboveground biomass contributes to accretion and associated accumulation (i.e. 
OC accumulation) processes directly when stem material dies, falls to the marsh surface 
and is buried by allochthonous or resuspended sediments (Nyman et al. 2006), and 
indirectly by promoting settling and deposition of suspended sediments on the marsh 
surface (Li and Yang 2009, Mudd et al. 2010, Mudd 2011). Additionally, sediment 
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deposition may enhance biomass production (Redfield 1972, Orson et al. 1985, De Laune 
et al. 2013). Through intensive studies relating tidal fluxes, elevation, sediment 
accumulation and biomass production of S. alterniflora, Morris et al. 2002 found that 
there is an “optimal” elevational range at which biomass productivity is greatest. In this 
“optimal” range, the frequency and duration of tidal inundation is long enough that time 
for suspended sediments to settle and accumulate on the marsh surface is maximized, but 
short enough that drainage and porewater turnover are ideal for avoiding waterlogged 
conditions that may cause die-back of marsh vegetation (Morris et al. 2002, Mudd et al. 
2009).  
The importance of belowground biomass with regard to SOC has long been 
recognized (Schubauer 1984). However, because of difficulties associated with sampling 
methods, belowground biomass dynamics are considerably less well studied than 
aboveground biomass (Valiela 1976, Hemminga et al. 1996), especially in OC 
accumulation studies. Root and rhizome material probably contributes more to SOC 
pools in salt marshes than aboveground material (Nyman et al. 1990, Blum 1993), 
constituting up to 90% of the organic input (Valiela et al. 1982, Howes et al. 1985), but 
there are few data that supplement this finding. SOC may initially take shape as either 
coarse or fine roots, and these morphological differences may ultimately affect rates of 
accumulation and total C pool in salt marshes. In a study at in Little Assawoman Bay (a 
coastal lagoon estuary), Quirk et al. (2010) found that the source of approximately one-
third of the total C pool in a salt marsh was fine root matter. 
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Despite recent advances in understanding SOC accumulation in salt marshes, 
belowground biomass dynamics in relation to salt marsh SOC have not been studied in 
detail (Mudd et. al 2009). Few studies exist that have developed comprehensive structural 
belowground biomass profiles in conjunction with depth-wise analyses of OC 
accumulation dynamics. Furthermore, there is a lack of statistical data geared specifically 
toward quantifying and comparing such data among salt marshes.  
The purpose of this study was to contribute to a growing literature on salt marsh 
plant biomass and its relation to SOC accumulation. Because plant biomass is the largest 
source of salt marsh soil carbon, we hypothesized that both above and belowground 
biomass would make a significant contribution to the SOC pool in both estuaries.  
 
2.2 Materials and methods 
2.2.1 Site Description  
Please refer to section 1.2.1 of the previous chapter. 
 
2.2.2 Sample collection and design 
Please refer to section 1.2.2 of the previous chapter. 
 
2.2.3 Sample preparation and processing 
Aboveground biomass was harvested from 18 plots at the stem-base of all 
Spartina alterniflora shoots in a 0.25 m2 quadrat (Craft et al. 2002). Stems were rinsed of 
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mineral matter, counted, measured, and placed in labeled bags of a known weight and 
dried at 70°C to a constant weight in a drying oven. Dry weights were converted to a  
g m-2 basis. Below each quadrat a soil core ~60 cm long was extracted and sectioned into 
2-cm increments for belowground biomass analysis. Roots and rhizomes (belowground 
biomass) from half of each 2-cm soil section were rinsed to remove all mineral sediment 
and separated into size classes by successive rinsing over a 2-mm and 1-mm sieve. Root 
material retained over the 2-mm sieve (> 2 mm) was classified as coarse, while root 
material retained over the 1-mm sieve (1 mm < 2 mm) was classified as fine. Coarse root 
material was also separated into live and dead components. Because of the difficulty 
associated with distinguishing and separating live and dead fine root matter, fine roots 
were not classified in this manner. All root material was dried to a constant weight at 
70°C. Dry weights for belowground biomass were also converted to a g m-2 basis and 
depth profiles were constructed using the categorical data applied to the belowground 
root matter. Physical and chemical analyses were conducted on the other half of the 2-cm 
sections to examine belowground biomass dynamics in relation to inorganic matter, 
organic matter and organic carbon. The same sections were dated utilizing 137Cs 
techniques as described in the previous chapter.  
 
2.2.4 Calculations and statistical analysis 
Differences in above and belowground biomass between estuaries were analyzed 
for significance using ANOVA and Tukey’s Honestly Significant Difference test. A 
series of regressions were performed on live, dead and total aboveground biomass, as 
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well as stem density, stem height and root:shoot ratio to identify any possible 
relationships between aboveground biomass and salt marsh OC accumulation processes. 
Similar regressions were performed on coarse live, coarse dead, fine and total 
belowground biomass. Belowground biomass profiles were constructed to provide a 
visual of the relative proportions of coarse live, coarse dead and fine root materials. The 
biomass profiles were compared with depth profiles showing the relative mass 
contributions of OC, OM, IM and water/pore space that were developed from data from 
the same soil core.  
 
2.3 Results 
Aboveground live biomass in Delaware Bay (417 ± 28 g m-2) was significantly 
greater than Barnegat Bay (189 ± 112 g m-2; P = 0.046), whereas dead aboveground 
biomass in Barnegat Bay (249 ± 79 g m-2) was greater than Delaware Bay (86 ± 27), 
though it was not significant (P = 0.5; Figure 15). MR was the only site where live 
aboveground biomass differed notably from other sites, and was greater than DV, IB and 
RC (P < 0.05). There was no aboveground biomass at IB 2 (Table 3). No significant 
relationships were identified between aboveground biomass, stem density, stem height or 
root:shoot ratio and OC accumulation or OC inventory (P > 0.05).  
Neither the total belowground biomass (P = 0.824), nor its individual components 
(coarse live, coarse dead and fine root matter) (P > 0.05) differed between the estuaries. 
The only significant difference in belowground biomass was found between RC and HP, 
where total belowground biomass at HP was greater than the total biomass at RC (P = 
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0.017). Though total coarse and fine root biomass did not differ between the estuaries or 
individual marshes, the belowground biomass profiles show significant depth wise 
variation in root and rhizome components, as well as within and between marshes, and 
between the estuaries (Figures 17 - 22). Interestingly, we found live coarse root biomass 
at IB 2, the core with no aboveground biomass (Table 3). There was very little 
belowground biomass in Reedy Creek cores (Figure 20). Live root depth ranged from 19 
to 51 cm and was significantly (~13 cm) deeper in Delaware Bay than Barnegat Bay (P < 
0.05). Total belowground biomass was found to correlate strongly with OC inventory in 
Barnegat Bay (r2 = 0.86; P < 0.001), but not in Delaware Bay (r2 = 0.15; P = 0.347; 
Figure 16).  
 
2.4 Discussion  
2.4.1 Aboveground biomass 
The notably larger live:dead ratio (~2:1) of aboveground biomass at Delaware 
Bay could be attributed to several aspects related to its dynamic hydrology with respect to 
Barnegat Bay. Firstly, it is generally accepted that sediment deposition on the marsh 
surface stimulates biomass production by providing cation (i.e. nutrient) exhange sites 
(Patrick and Khalid 1974, Nyman et al. 1993) and introducing nutrients (DeLaune et al. 
1990, Mendelssohn and Kuhn 2003). The Delaware River and its numerous tributaries 
increase the availability of suspended sediment that may settle onto the marsh surface, 
and the contiguity of Delaware Bay marshes with the ocean provides greater opportunity 
for resuspension and deposition of additional sediment from tidal fluxes. Moreover, all 
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three marshes in Delaware Bay have a higher tide range than Barnegat Bay marshes. 
Since sediment accumulation is a function of hydroperiod (i.e. inundation period) 
(Friedrichs and Perry 2001), the greater tide range in Delaware Bay is probably also a 
contributing factor. Our analysis of sediment accumulation using 137Cs dating 
demonstrates that Delaware Bay marshes have accumulated significantly more sediment 
than Barnegat Bay marshes since 1963.  
Second, regular draining of porewater from tidal fluxes provides oxygen and 
removes toxins (i.e. hydrogen sulfides) that would otherwise build up in the root zone, 
preventing development of potentially lethal soil conditions (Mendelssohn and Morris 
2000, Windham 2001, Mendelssohn and Kuhn 2003). Though inundation associated with 
tidal fluxes can stress salt marsh macrophytes if too prolonged (Friedrichs and Perry 
2001), more frequent fluxes could lead to improved drainage, and conditions more 
favorable for plant growth in Delaware Bay soils (Hemminga et al. 1988). On the other 
hand, it is possible that marshes in Barnegat Bay, particularly Reedy Creek and Island 
Beach, are not keeping pace with increasing rates of sea level rise, causing a decrease in 
plant productivity associated with waterlogged soil conditions. Our elevation data show 
that these two marshes are lowest in elevation; cores 2 and 3 at Reedy creek were 10 and 
7 cm below sea level. Coincidentally, microtidal marshes like those in Barnegat Bay are 
not able to adjust to rising sea level as readily as mesotidal marshes where sediment 
accumulation can account for insufficient organic matter accumulation (and therefore 
accretion) (Nyman et al. 1993, Friedrichs and Perry 2001). The large amount of 
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aboveground biomass at Delaware Bay in comparison to Barnegat Bay could be the result 
of one, or a combination of these factors.  
The ratio of live:dead aboveground biomass at Barnegat Bay was less than one, 
suggesting either sudden dieback of vegetation or a decrease in productivity from 
previous seasons. From these data alone the factors causing the differences with respect 
to aboveground biomass in the two estuaries cannot be isolated, but given that there was a 
greater amount of dead than live aboveground material in Barnegat Bay marshes, it is 
possible that soil conditions in Barnegat Bay are preventing establishment of emergent 
vegetation. The absence of a relationship between aboveground biomass, stem density, 
stem height, root:shoot ratio and OC accumulation suggests that aboveground biomass 
does not directly influence OC accumulation in the marshes in these estuaries, and that 
other factors, such as belowground biomass may be of greater importance. 
 
2.4.2 Belowground biomass 
Interestingly, there was live root material beneath IB 2, the plot that had no live 
aboveground biomass. This could be attributed to lateral growth of rhizomes from nearby 
live S. alt, however, there were few live aboveground stems noted nearby. If this is not 
the case, it is possible there was recent dieback of live aboveground material at this 
particular location. The fact that cores at Island Beach had significant amounts of 
belowground biomass but little aboveground biomass (and none at core 2) is further 
evidence that there may have been recent dieback of aboveground material. Like Reedy 
Creek, in the top 10 cm there was a large amount of water and little sediment. During 
     
     
25 
field sampling of the cores, the presence of large pools was noted on the marsh surface at 
Island Beach. For a separate project, line transect surveys were recently conducted at 
Island Beach, and over the last three years, expansion of these pools using Real Time 
Kinetic (RTK) Satellite Navigation has been documented. Prolonged inundation can 
cause mortality to salt marsh macrophytes by formation of ponds on the marsh surface 
(DeLaune et al. 1983, Mendelssohn and Mckee 1988). 
Reedy Creek had little coarse or fine root material in comparison to all other sites; 
this is evident from our calculations as well as the biomass profiles. Comparison of the 
biomass profiles with the relative mass profiles shows there was also a large amount of 
water in the Reedy Creek cores and very little sediment in the top 18 cm. While there 
were some live stems above the Reedy Creek cores, the amount of dead material was 
greater than live material. Core 2 at Reedy Creek had the least biomass of all the cores 
and this core was the lowest in elevation. This combination of factors suggests vertical 
accretion in some areas in Reedy Creek is currently not sufficient to maintain a viable 
macrophyte population (Turner et al. 2001, Kirwan et al. 2010). Consequently, Reedy 
Creek also had the lowest values for organic matter and organic carbon accumulation.  
Given these data, it is possible that some of the marshes in Barnegat Bay may be 
undergoing inundative stress related to insufficient vertical accretion. In order for 
marshes to be able to effectively accumulate carbon, they must be able to accrete 
vertically and maintain their elevation relative to sea level rise. In a novel study utilizing 
computed tomography imaging, Davey et al. 2011 found significantly less coarse roots 
and rhizomes in a deteriorating marsh in contrast to a stable marsh. Considering this 
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along with our findings regarding total belowground biomass, and differences in organic 
carbon inventory and organic carbon accumulation rates between cores, it is apparent that 
the structural importance of belowground biomass with regards to organic carbon 
accumulation in salt marsh soils cannot be overlooked, and warrants further research. 
Although the evidence we have compiled is inconclusive it suggests Barnegat Bay 
marshes may not be able maintain elevations necessary to continue to accumulate organic 
carbon in the long term.  
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CHAPTER 3: CONCLUSIONS 
 
 
 
 
Organic carbon accumulation in salt marsh soils is guided by a complex set of 
ecogeomorphic feedback loops that make it difficult to isolate cause and effect 
relationships, but increased focus on carbon accumulation processes in recent literature is 
beginning to shed light on some of the major influencing factors. Several of the most 
comprehensive studies to date suggest that sediment availability is one of these factors, 
and the data collected in this study clearly illustrate a how accumulation of allochthonous 
sediment can positively influence rates of organic carbon accumulation in salt marsh 
soils. Just as apparent however, is the need to consider other factors other than mass-
based accumulation rates, because mass calculations provide little insight to soil 
structure. Previous research has shown that structural maintenance of soil is necessary for 
salt marshes to maintain elevation relative to rising sea level. Salt marshes unable to 
maintain their elevation in the face of rising sea level will become inundated, causing 
dieback of vegetation, eventual drowning of the marsh platform, and loss of beneficial 
carbon accumulation processes. The lowest measured organic carbon accumulation rates 
in this study correlated with the least amount of belowground biomass, highest water 
content and lowest elevation of all the cores. Because belowground biomass is the main 
source of organic carbon in salt marsh soils, its importance with regards to soil carbon 
accumulation has long been recognized, yet few carbon accumulation studies include 
details analyses of biomass dynamics, particularly its modification to marsh elevation. 
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The data in this study shed light on the importance of both physical (sediment 
accumulation) and biological (biomass production) factors that affect how efficiently a 
salt marsh may accumulate and store organic carbon, and make the case that future 
studies concerning organic carbon accumulation in salt marsh soils should examine both 
mass-based accumulation processes as well as the structural contribution of belowground 
biomass.  
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 TABLES 
 
 
 
 
Table 1: Geographic and hydrological specifications of the study sites. Individual cores are designated as 1, 2 and 3. 
 
 
 
Estuary  Delaware Bay   Barnegat Bay  
Site Dividing Creek Maurice River Dennis Creek Reedy Creek Island Beach Horse Point 
Mean Tide Range (m) 1.71 1.71 1.51 0.10 0.10 0.66 
Distance to Nearest Tidal 
Creek (m)       
1 24 43 51 10 16 14 
2 75 11 126 7 4 19 
3 69 2 11 23 12 24 
Distance to Tributary (m)       
1 155 188 191 28 - 214 
2 137 74 85 85 - 395 
3 196 141 253 35 - 251 
Elevation (m)       
1 - 0.6806 0.7327 0.1043 0.0826 0.28 
2 0.6568 0.3547 - -0.1034 0.1250 0.28 
3 0.6289 - - -0.0700 0.1255 0.31 
Latitude/Longitude       
1 39° 13' 31.09" N   75° 06 '27.67" W 
39° 14' 32.30" N   
75° 00' 40.59" W 
39° 10' 18.46" N 
74° 52' 32.80" W 
40° 01' 49.35" N   
74° 04' 44.37" W 
39° 47' 55.35" N   
74° 06' 08.90" W 
39° 37' 35.10" N  
74° 15' 25.70" W 
2 39° 13' 56.52" N 75° 06' 59.90" W 
39° 15' 58.79" N   
74° 59' 45.43" W 
39° 10' 34.41" N 
74° 51' 43.84" W 
40° 01' 43.86" N   
74° 05' 03.67" W 
39° 47' 57.49" N   
74° 06' 05.92" W 
39° 37' 44.45" N  
74° 15' 27.95" W 
3 39° 14' 25.89" N   75° 06' 12.80" W 
39° 17' 00.47" N 
74° 59' 10.15" W 
39° 10 '51.83" N 
74° 50' 19.04" W 
40° 01' 51.80" N   
74° 05' 09.39" W 
39° 47' 58.74" N   
74° 05' 57.66" W 
39° 37' 58.70" N  
74° 15 '33.10" W 
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Table 2: 137Cs Accretion, sediment, organic matter and organic carbon accumulation rates and means (± standard error) for 
estuaries (n = 3) and marshes (n = 3 for all marshes except Maurice River (n = 2) where a distinct 137Cs peak could not be 
obtained.) Individual cores are designated as 1, 2 and 3. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Estuary   Delaware Bay     Barnegat Bay 
 Dividing Creek Maurice River Dennis Creek Reedy Creek Island Beach Horse Point 
Accretion (cm yr-1)        
1 0.43 0.92 0.43 0.22 0.27 0.31 
2 0.8 1.04 0.76 0.18 0.27 0.35 
3 0.35  0.55 0.29 0.22 0.35 
marsh mean 
estuary mean 
0.52 ± 0.14 
 
0.98 ± 0.06 
   
0.58 ± 0.10 
0.66 ± 0.09 
0.23 ± 0.03 
 
0.25 ± 0.01 0.33 ± 0.01 
0.27 ± 0.02 
Sediment  
Accumulation (g m-2 yr -1)        
1 1387 3140 842 135 142 408 
2 2052 3294 1492 74 100 552 
3 287  1114 137 105 455 
marsh mean 
estuary mean  
1242 ± 515 
 
3217 ± 77  
 
1149 ± 189 
1701 ± 377 
115 ± 21  116 ± 13    472 ± 42 
234 ± 61 
Organic  
Accumulation (g m-2 yr-1)        
1 455 592 294 174 171 213 
2 533 514 511 114 172 275 
3 265  314 172 213 246 
marsh mean 
estuary mean 
418 ± 80 
 
553 ± 39 
 
373  ± 69 
435 ± 44  
153 ± 20 185 ± 14 245 ± 18 
195 ± 16 
Organic Carbon 
Accumulation (g m-2 yr-1)        
1 184 262 117 89 87 105 
2 203 237 191 50 85 140 
3 161  144 90 104 136 
marsh mean 
estuary mean 
182 ± 12 
 
250 ± 12 
 
151 ± 22 
187 ± 17 
76 ± 13 92 ± 6 127 ± 11 
98 ± 9 
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Table 3: Live and dead aboveground biomass (± standard error) by estuary (n = 3) and marsh (n = 3). Individual cores are 
designated as 1, 2 and 3.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Estuary   Delaware Bay     Barnegat Bay 
 Dividing Creek Maurice River Dennis Creek Reedy Creek Island Beach Horse Point 
Live Dry Weight (g m-2)        
1 265 487 308 75 10 415 
2 85 780 330 67 0 383 
3 352 726 423 194 270 287 
marsh mean 
estuary mean 
234 ± 79 
 
664 ± 90 
 
354 ± 35 
417 ± 128 
 
112 ± 41 
 
93 ± 88 
 
362 ± 38 
189 ± 112 
Dead Dry Weight (g m-2)        
1 48 103 86 159 10.8 488 
2 20 69 119 267 0 310 
3 33 196 97 590 261 153 
marsh mean 
estuary mean 
34 ± 8 
 
 
123 ± 38 
  
100 ± 10 
86 ± 27 
 
339 ± 129 
 
             91 ± 85  
 
317 ± 97 
249 ± 79 
Stem Density (stems m-2) 
1 
2 
3 
1484 
484 
1736 
308 
912 
616 
1724 
1732 
1568 
 
772 
292 
488 
 
108 
0 
1372 
 
2076 
3640 
4112 
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Table 4: Belowground biomass dynamics (± standard error) by estuary (n = 3) and marsh (n = 3). Individual cores are 
designated as 1, 2 and 3. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Estuary   Delaware Bay     Barnegat Bay 
 Dividing Creek Maurice River Dennis Creek Reedy Creek Island Beach Horse Point 
Coarse Live (g m-2)        
1 133 1604 631 275 397 567 
2 863 563 1149 312 880 1927 
3 768 410 1028 202 697 1659 
marsh mean 
estuary mean 
588 ± 229 
 
859 ± 375 
   
936 ± 157 
794 ± 106 
263 ± 32 
 
658 ± 141 1384 ± 416 
769 ± 328 
Coarse Dead (g m-2)        
1 855 238 387 26 347 488 
2 175 292 670 62 446 444 
3 185 346 12 148 359 335 
marsh mean 
estuary mean  
405 ± 225 
 
292 ± 31 
 
356 ± 190 
351± 33 
79 ± 36  384 ± 31    423 ± 46 
295 ± 109 
Coarse Total (g m-2)        
1 988 1842 1018 302 744 1055 
2 1037 854 1819 374 1326 2372 
3 952 757 1040 350 1056 1994 
marsh mean 
estuary mean 
992 ± 25 
 
1151 ± 347 
 
1292 ± 263 
1145 ± 87  
342 ± 21 1042 ± 168 1807 ± 391 
1064 ± 423 
Fine  (g m-2)        
1 2392 1654 2980 3407 2746 3550 
2 2105 755 3202 758 5166 5328 
3 4917 744 1864 1905 5734 5290 
marsh mean 
estuary mean 
3138 ± 893 
 
1051 ± 302 
 
2682 ± 414 
2290 ± 633 
2023 ± 767 4549 ± 916 4722 ± 586 
3765 ± 872 
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FIGURES 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: Map of Delaware Bay showing the three coastal plain study sites.  
 
 
 
 
 
 
 
 
 
 
 
Figure 2: Map of Barnegat Bay showing the three coastal lagoon study sites.  
1. Dividing Creek (DV) 
2. Maurice River  (MR) 
3. Dennis Creek  (DN) 
4. Reedy Creek (RC) 
5. Island Beach  (IB) 
6. Horse Point  (HP) 
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Figure 3: Map of Island Beach showing an example of the field sampling scheme. The 
cores are denoted as IBLC1, IBCL2 and IBLC3 (Island Beach Core 1, 2 and 3). 
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Figure 4: Dividing Creek depth profiles of inorganic matter, organic matter and organic carbon content for cores 1, 2 and 3 
(left to right). The white portion of the graph represents pore space occupied by water. Cesium peak depths are 21, 39 and 17 
cm for cores 1, 2 and 3, respectively. 
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Figure 5: Maurice River depth profiles of inorganic matter, organic matter and organic carbon content for cores 1, 2 and 3 (left 
to right). The white portion of the graph represents pore space occupied by water. Cesium peak depths are 45 and 51 cm for 
cores 1 and 2, respectively. A peak could not be obtained for core 3.  
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Figure 6: Dennis Creek depth profiles of inorganic matter, organic matter and organic carbon content for cores 1, 2 and 3 (left 
to right). The white portion of the graph represents pore space occupied by water. Cesium peak depths are 21, 37 and 27 cm for 
cores 1, 2 and 3, respectively. 
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Figure 7: Reedy Creek depth profiles of inorganic matter, organic matter and organic carbon content for cores 1, 2 and 3 (left 
to right). The white portion of the graph represents pore space occupied by water. Cesium peak depths are 11, 9 and 14 cm for 
cores 1, 2 and 3, respectively. 
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Figure 8: Island Beach depth profiles of inorganic matter, organic matter and organic carbon content for cores 1, 2 and 3 (left 
to right). The white portion of the graph represents pore space occupied by water. Cesium peak depths are 13, 13 and 11 cm for 
cores 1, 2 and 3, respectively. 
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Figure 9: Horse Point depth profiles of inorganic matter, organic matter and organic carbon content for cores 1, 2 and 3 (left to 
right). The white portion of the graph represents pore space occupied by water. Cesium peak depths are 15, 17 and 17 cm for 
cores 1, 2 and 3, respectively.
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Figure 10: Relationship between organic carbon and organic matter content (P < 0.001). 
The relationship is described by the quadratic equation %OC = -0.854 + 0.484*%OM + 
0.000356*%OM2.  
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Figure 11: Bulk density depth profiles from all eighteen soil cores. 
 
     
     
51 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 12: Relationship between sediment accumulation and tide range by marsh. 
Regression analyses gave an r2 value of 0.49 with all points as shown below, without 
Maurice River r2 = 0.99. 
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Figures 13a and 13b: Relationship between accretion, organic matter and inorganic 
matter accumulation.  
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Figures 14a and 14b: Relationship between organic matter accumulation, organic carbon 
accumulation and inorganic matter accumulation.  
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Figure 15: Aboveground live and dead biomass (± standard error) by estuary. See 
Appendix A Table 3 for specific values. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 16: Relationship between organic carbon inventory and total belowground 
biomass to the 1963 Cesium peak depth.  
r2 = 0.15 
r2 = 0.86 
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Figure 17: Dividing Creek belowground biomass profiles. Cesium peak depths are 21, 39 and 17 cm for cores 1, 2 and 3, 
respectively. 
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Figure 18: Maurice River belowground biomass profiles. Cesium peak depths are 45 and 51 cm for cores 1 and 2, respectively. 
A peak could not be obtained for core 3. 
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Figure 19: Dennis creek belowground biomass profiles. Cesium peak depths are 21, 37 and 27 cm for cores 1, 2 and 3, 
respectively. 
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Figure 20: Reedy Creek belowground biomass profiles. Cesium peak depths are 11, 9 and 14 cm for cores 1, 2 and 3, 
respectively. 
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Figure 21: Island Beach belowground biomass profiles. *Note that the axis on core 3 is twice that of all the other biomass 
profiles. This core had a large amount of fine root biomass and increasing the x-axes of the other 17 cores would have made it 
difficult to analyze them. Cesium peak depths are 13, 13 and 11 cm for cores 1, 2 and 3, respectively. 
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Figure 22: Horse Point belowground biomass profiles. Cesium peak depths are 15, 17 and 17 cm for cores 1, 2 and 3, 
respectively. 
